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Abstract 
$QHZ WLPHGRPDLQPHWKRGZKLFK LV FDOOHG WKHPXOWLSRLQW UHFXUVLYH VHTXHQWLDO WKUHHSRLQWPHWKRG LV SURSRVHG IRU RQPDFKLQH URXQGQHVV
PHDVXUHPHQWRIF\OLQGULFDOZRUNSLHFH,WKDVWKHIROORZLQJIHDWXUHVLDVVXPLQJQRSULRUNQRZOHGJHLLSURYLGLQJPRUHLQIRUPDWLRQRIWKH
URXQGQHVV SURILOH WKDQ WKH VHTXHQWLDO WKUHHSRLQW 63 PHWKRG LLL UHFRQVWUXFWLQJ WKH URXQGQHVV SURILOH LQFOXGLQJ VKDUS IHDWXUHV ,Q WKH
SURSRVHGPHWKRG UHFXUVLRQRIGLIIHUHQFHHTXDWLRQV LQ WKH WLPHGRPDLQ LVXVHG WRGHWHUPLQH WKH UHODWLRQVKLSVEHWZHHQGLIIHUHQWGDWDJURXSV
LQVWHDGRIWKHIDVW)RXULHUWUDQVIRUP))7DOJRULWKPDQGWKHLQYHUVHIDVW)RXULHUWUDQVIRUP,))7DOJRULWKPZKLFKLVVLPSOHUDQGFDSDEOHRI
H[SUHVVLQJWKHGLVFUHWHURXQGQHVVSURILOHZLWKVKDUSIHDWXUHVFRUUHFWO\,QWKHPHDQWLPHWKHHVWDEOLVKLQJFRQGLWLRQVRIWKHSURSRVHGPHWKRGDUH
JLYHQE\WKHRUHWLFDODQDO\VLV7KHHFFHQWULFFLUFOHUHVXOWLQJIURPWKHLQDFFXUDWHLQLWLDOYDOXHRIWKHUHFXUUHQFHHTXDWLRQLVUHPRYHGE\WKHOHDVW
VTXDUHVPHWKRG7KHRUHWLFDODQDO\VLVDQGVLPXODWLRQVKDYHEHHQFRQGXFWHGWRYHULI\WKHHIIHFWLYHQHVVRIWKHSURSRVHGPHWKRG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH³WK&RQIHUHQFHRQ0RGHOOLQJRI0DFKLQLQJ2SHUDWLRQV´
.H\ZRUGV2QPDFKLQHPHDVXUHPHQW5RXQGQHVVPHDVXUHPHQW(UURUVHSDUDWLRQ6KDUSIHDWXUHSURILOH
1. Introduction 
7KH WKUHHSRLQW PHWKRG HPSOR\LQJ WKUHH GLVSODFHPHQW
SUREHV KDV EHHQ SUHVHQWHG WR PHDVXUH URXQGQHVV RI
F\OLQGULFDOZRUNSLHFHXQGHURQPDFKLQHFRQGLWLRQV>@7KLV
PHWKRG FDQ EH GLYLGHG LQWR WZR FDWHJRULHV WKH VHTXHQWLDO
WKUHHSRLQW 63 PHWKRG >@ ZKHQ WKH VDPSOLQJ SHULRG LV
HTXDO WR WKH SUREH LQWHUYDO DQG WKH JHQHUDOL]HG WKUHHSRLQW
*3PHWKRG>@ZKHQ WKH\DUHQRWHTXDO7KH*3PHWKRG
FDQH[SUHVVWKHURXQGQHVVSURILOHZLWKKLJKDFFXUDF\VLQFHWKH
VDPSOLQJSHULRGLVIDUVKRUWHUWKDQWKHSUREHLQWHUYDOVRPRUH
LQIRUPDWLRQRIWKHSURILOHFDQEHSURYLGHGE\WKLVPHWKRG%XW
WKH *3 PHWKRG VXIIHUV IURP KDUPRQLF VXSSUHVVLRQ >@
)XUWKHUPRUH SURILOHV LQFOXGLQJ VKDUS IHDWXUHV FDQQRW EH
H[SUHVVHGFRUUHFWO\E\*3PHWKRG>@
7KH 63 PHWKRG KDV WKH DELOLW\ WR H[SUHVV D GLVFUHWH
URXQGQHVV SURILOH DFFXUDWHO\ ZLWKRXW GDWD SURFHVVLQJ HUURU
7KLV PHWKRG LV GLIIHUHQW IURP WKH *3 PHWKRG LQ WKDW D
UHFXUVLYHUHFRQVWUXFWLRQDSSURDFKLVXVHGDVRSSRVHGWR))7
+RZHYHU WKH VSDFLQJ EHWZHHQ WKH PHDVXULQJ SRLQWV RI WKH
63PHWKRGKDVWREHHTXDOWRWKHSUREHDQJOH7KHUHIRUHWKH
63 PHWKRG FDQQRW H[SUHVV VKDUS IHDWXUHV RI WKH SURILOH
DFFXUDWHO\ VLQFH WKH QXPEHU RI GDWD SRLQWV LQ WKLVPHWKRG LV
QRWHQRXJK$PRGLILHGWKUHHSRLQWPHWKRGFDOOHGWKHPXOWL
SUREHPHWKRGKDVEHHQSURSRVHGLQZKLFKIRXURUPRUHSUREHV
DUHXVHG>@$V WKHSUREHV LQFUHDVH WKHHUURUVHSDUDWLRQ
DELOLW\ FDQQRW LQFUHDVH VLJQLILFDQWO\ HYHQ WKH QXPEHU RI
SUREHV LQFUHDVHV WR VL[ 7KH FRPELQHG WKUHHSRLQW &3
PHWKRG LQZKLFK WKHDGYDQWDJHVRI WKH*3PHWKRGDQG WKH
63PHWKRGDUHFRPELQHGKDVEHHQSURSRVHGWRRYHUFRPHWKH
GLVDGYDQWDJHV PHQWLRQHG DERYH >@ %XW WKH UHODWLRQVKLSV
EHWZHHQGLIIHUHQWGDWDJURXSVZKLFKDUHREWDLQHGE\VKLIWLQJ
WKH VWDUWLQJ SRLQW RI WKH 63 PHWKRG FDQQRW EH GHWHUPLQHG
FRUUHFWO\ 7KHUHIRUH WKH &3 PHWKRG VKRXOG DVVXPH D
VWDQGDUG DUHD ZKLFK LQFOXGHV QR KLJKIUHTXHQF\ FRPSRQHQWV
>@,IWKHUHLVQRVWDQGDUGDUHDRQZRUNSLHFHRUWKLVVWDQGDUG
DUHD FDQQRW EH GHWHUPLQHG FRUUHFWO\ WKH DFFXUDF\ RI WKLV
DOJRULWKP PD\ EH DIIHFWHG 7KLV PHWKRG LV DOVR WLPH
FRQVXPLQJ VLQFH HYHU\ VKDUS IHDWXUH RI WKH SURILOH PXVW EH
LQWHUSRODWHGE\XVLQJWKHOHDVWVTXDUHVDSSUR[LPDWLRQPHWKRG
>@7RH[SUHVVWKHVWUDLJKWQHVVRIWKHVXUIDFHLQFOXGLQJVKDUS
IHDWXUHVFRUUHFWO\DWLPHGRPDLQPHWKRGKDVEHHQSURSRVHGLQ
>@ QHYHUWKHOHVV LW LV QRW VXLWDEOH IRU URXQGQHVV
PHDVXUHPHQW VLQFH WKH PHWKRG LV EDVHG RQ WKH WZRSRLQW
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PHWKRG DQG WKH VSLQGOH HUURU FRPSRQHQWV FDQQRW EH WRWDOO\
HOLPLQDWHG
7R VROYH WKHVH SUREOHPV D QHZ PHWKRG QDPHG WKH
PXOWLSRLQW UHFXUVLYH VHTXHQWLDO WKUHHSRLQW 0563 PHWKRG
LVSURSRVHGE\XVLQJWKHUHFXUVLRQRIWKHGLIIHUHQFHHTXDWLRQ
7KH SURSRVHG0563PHWKRG QRW RQO\ H[SUHVVHV URXQGQHVV
SURILOHVDFFXUDWHO\ LQFOXGLQJ VKDUSIHDWXUHVEXWDOVRDVVXPHV
QR SULRU NQRZOHGJH 7KH HVWDEOLVKLQJ FRQGLWLRQV RI WKH
SURSRVHG PHWKRG DUH GHWDLOHG 7KH OHDVWVTXDUHV PHWKRG LV
XVHG WRHOLPLQDWH WKH LQIOXHQFHRI WKH LQDFFXUDWH LQLWLDO YDOXH
RIWKHUHFXUUHQFHHTXDWLRQ
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV ,Q
6HFWLRQ  WKH 0563 PHWKRG LV SUHVHQWHG DQG WKH OHDVW
VTXDUHVPHWKRG LVHPSOR\HG WRHOLPLQDWH WKHHFFHQWULFFLUFOH
7KHRUHWLFDODQDO\VLVZLOOEHSUHVHQWHGWRVKRZWKHHVWDEOLVKLQJ
FRQGLWLRQV RI WKH SURSRVHG PHWKRG ,Q 6HFWLRQ  WKH
VLPXODWLRQ HYDOXDWLRQ RI WKH SURSRVHG PHWKRG LV LQWURGXFHG
)LQDOO\FRQFOXVLRQVDUHGUDZQLQ6HFWLRQ
2. MRS3P method 
 3ULQFLSOHRIWKUHHSRLQWPHDVXUHPHQW
$VVKRZQLQ)LJWKUHHSUREHVZKLFKDUHIL[HGDURXQGD
F\OLQGULFDOZRUNSLHFHZLWKDQHTXDODQJXODUSUREH LQWHUYDOϕ
DUHXVHGWRVFDQWKHURWDWLQJZRUNSLHFH$VVXPHWKDWSRLQW2
LVWKHLQWHUVHFWLRQRIWKHWKUHHSUREHVDQGLVQHDUWKHURWDWLRQDO
FHQWHU RI WKH ZRUNSLHFH 7KH IL[HG FRRUGLQDWH D[HV ;< DUH
DOVRVKRZQLQWKHVDPHILJXUH7KHRXWSXWVLJQDOVRISUREHV$
% & DUHP$șP%ș DQGP&ș UHVSHFWLYHO\ 7KH\ DUH DOO
IXQFWLRQV RI WKH URWDWLRQ DQJOH ș5ș5șϕ DQG5șϕ
DUH WKH VSLQGOH VKDSH JHRPHWU\ 6;ș DQG 6<ș DUH WKH ;
GLUHFWLRQDO FRPSRQHQW DQG <GLUHFWLRQDO FRPSRQHQW RI WKH
VSLQGOH HUURU UHVSHFWLYHO\ 7KH IROORZLQJ HTXDWLRQV FDQ EH
REWDLQHGE\FRQVLGHULQJJHRPHWULFUHODWLRQVKLSV>@
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ZKHUHTLVWKHGLVFUHWHIRUPRIϕDQGLLVWKHGLVFUHWHIRUPRI
ș$VWKUHHSRLQWPHWKRGLVUHIHUUHGDVWKH63PHWKRGZKHQ
L M∙TM «IL[1T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(T  LV WKH H[SUHVVLRQ RI 63 PHWKRG ZKLFK FDQ
FDOFXODWH WKH URXQGQHVV SURILOH WKURXJK UHFXUVLYH
UHFRQVWUXFWLRQ (T  LQGLFDWHV WKDW WKH 63 PHWKRG LV
FDSDEOH RI H[SUHVVLQJ D GLVFUHWH URXQGQHVV SURILOH ZLWKRXW
KDUPRQLF VXSSUHVVLRQ %XW DV PHQWLRQHG DERYH WKH 63
PHWKRGKDVWZRPDLQGLVDGYDQWDJHV
x 7KHVSDFLQJEHWZHHQ WZRVDPSOLQJSRLQWVKDV WREHHTXDO
WR WKH SUREH DQJOH DQG WKHUHIRUH LW FDQQRW H[SUHVV WKH
SURILOH DFFXUDWHO\ EHFDXVH WKH QXPEHU RI VDPSOLQJ SRLQWV
LQWKLVPHWKRGLVQRWHQRXJK>@
x 7KH LQLWLDO YDOXH RI WKH UHFXUUHQFH HTXDWLRQ LV XVXDOO\
XQNQRZQ DQG VHW WR ]HUR ZKLFK ZLOO FDXVH LQDFFXUDWH RI
WKHURXQGQHVVSURILOH>@
$V VKRZQ LQ )LJ E PDQ\ VHWV RI GLVFUHWH URXQGQHVV
FXUYHVFDQEHREWDLQHGE\VKLIWLQJ WKH VWDUWLQJSRLQWV6R WKH
63PHWKRG FDQ JHWPRUH VDPSOLQJ SRLQWV ,I WKH QXPEHU RI
VKLIWLQJJURXSVHTXDOVWKHQXPEHURIVDPSOLQJSRLQWVTTVHWV
RIGDWDJURXSVFDQEHREWDLQHG$FFRUGLQJWR(TTVHWVRI

T
S
D5HDOURXQGQHVVSURILOH
E6DPSOLQJGDWD

T
SI I
F(YDOXDWHGUHVXOWVE\WKH63PHWKRG
T
S
6WDUWLQJSRLQWV
6HFRQGSRLQWV  
)LJ'DWDJURXSVRIWKH63PHWKRG>@
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WKH63HTXDWLRQFDQEHXVHGWRH[SUHVVWKHURXQGQHVVSURILOH
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,W LV REYLRXV WKDW WKHPXWXDO UHODWLRQRI WKHGDWD SRLQWV LQ
HDFK GDWD JURXS RI (T  FDQ EH FRQILUPHG DFFXUDWHO\
+RZHYHUWKHUHODWLRQVKLSVEHWZHHQGLIIHUHQWJURXSVFDQQRWEH
GHWHUPLQHGDQGWKHKHLJKWVRIWKHILUVWWZRGDWDSRLQWVLQHDFK
JURXSDUHXQNQRZQ>@$VVKRZQLQ)LJFWKHUHLVDIDXOW
LQ WKHUHVXOWLQJFXUYHHYHQZLWKDQDEXQGDQWDPRXQWRIGDWD
>@
7RVROYHWKLVSUREOHP*DR:HLXVHGWKH')7*3PHWKRG
WR HYDOXDWH VRPH GDWD SRLQWV LQ WKH URXQGQHVV SURILOH WKHQ
WKHVHGDWDSRLQWVDUHXVHGDVWKHUHIHUHQFHSRLQWVWRGHWHUPLQH
WKH UHODWLRQVKLSV DPRQJ WKH GDWD JURXSV RI WKH 63 PHWKRG
>@ 6LQFH VKDUS IHDWXUH FDQQRW EH WUHDWHG SURSHUO\ E\ WKH
*3 PHWKRG WKH LQWHUSRODWLRQ WHFKQLTXH LV HPSOR\HG
+RZHYHUWKLVPHWKRGQHHGVVRPHDVVXPSWLRQVZKLFKPDNHLW
XQVXLWDEOHIRUSUDFWLFDODSSOLFDWLRQ>@
 0563PHWKRG
(TFDQEHZULWWHQDV
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  @ 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Theorem:)RUWKH0563PHWKRGGHVFULEHGE\(T LI
1LVQRWWKHLQWHJHUPXOWLSOHVRITWKHQWKHKHLJKWVRIVWDUWLQJ
GDWD SRLQW DQG VHFRQG GDWD SRLQW RI RQH JURXS FDQ EH
GHWHUPLQHG E\ DQRWKHU JURXS VR WKH UHODWLYH KHLJKWV DPRQJ
GLIIHUHQWJURXSVFDQEHGHWHUPLQHGDVVKRZQLQ)LJE ,W
PHDQVWKDWWKHURXQGQHVVSURILOHFDQEHDFFXUDWHO\H[SUHVVHG
ZLWKDEXQGDQWDPRXQWRIGDWDXVLQJWKH0563PHWKRG
Proof:1 LV WKH QXPEHU RU WKH SRVLWLRQ RI VDPSOLQJ GDWD
)RU HDFK GDWD JURXS WKH SRVLWLRQ RI WKH ILUVW GDWD DQG WKH
VHFRQGGDWDORFDWHLQ>T@DQG>TT@UHVSHFWLYHO\$VWKH
SRVLWLRQRI VDPSOHGGDWD LQ HDFKJURXS FDQEH FRQVLGHUHG DV
DULWKPHWLF SURJUHVVLRQ WKHSRVLWLRQRI ILQDO VDPSOLQJGDWD LQ
HDFKJURXSFDQEHH[SUHVVHGDV
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ZKHUH N LV WKH JURXS QXPEHU DQG WKH SRVLWLRQ RI WKH ILUVW
VDPSOLQJGDWDLQRQHJURXSDWLVWKHSRVLWLRQRIILQDOVDPSOLQJ
GDWDRIJURXSN(TOHDGVWR
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7KHUHIRUH (T  LV VDWLVILHG DQG WKH KHLJKWV RI VWDUWLQJ
VDPSOLQJSRLQWDQGVHFRQGVDPSOLQJSRLQWRIRQHJURXSFDQEH
GHWHUPLQHG E\ DQRWKHU JURXS DV VKRZQ LQ )LJ E VR WKH
UHODWLYHKHLJKWVDPRQJGLIIHUHQWJURXSVFDQEHGHWHUPLQHG
7KHIROORZLQJLOOXVWUDWLRQFDQFOHDUO\PDNHRXWWKHSURFHVV
RI FDOFXODWLRQ WR H[SODLQ WKH DERYH DOJRULWKP:H FKRRVH T
HTXDOWRDQGWKHWRWDOVDPSOLQJSRLQWV1HTXDOWR6R1LV
QRWWKHLQWHJHUPXOWLSOHVRIT(PSOR\LQJWKH0563PHWKRG
ZHFDQREWDLQWKUHHJURXSVRIGDWDSRLQWVDVVKRZQLQ7DEOH
7KHSRVLWLRQRIILQDOWZRVDPSOLQJSRLQWVRIJURXSLV>@
ZKLFKLVWKHSRVLWLRQRILQLWLDOWZRVDPSOLQJSRLQWVRIJURXS
7KH VDPHPHWKRG LV DSSOLHG WR JURXS  DQG JURXS  VR WKH
UHODWLRQVKLS EHWZHHQ HDFK GDWD JURXS FDQ EH GHWHUPLQHG ,Q
SUDFWLFH 1 ZLOO JHW D PXFK ODUJHU YDOXH ZKLFK PDNHV WKH
VLWXDWLRQPRUHFRPSOH[
7DEOH&DOFXODWLQJVHTXHQFHRIWKH0563PHWKRG
*URXS
QXPEHU
,QLWLDO
SRLQW
3RVLWLRQRIVDPSOLQJSRLQW
 >@        
 >@
 >@        
 >@
 >@        
>@
 /HDVWVTXDUHVPHWKRG
$VVKRZQLQ)LJWKHUHODWLYHKHLJKWVRIWKHGDWDSRLQWVLQ
HDFKGDWDJURXSFDQEHGHWHUPLQHGH[DFWO\XVLQJ WKH0563
PHWKRG%XWWKHHUURUVWLOOH[LVWVDVVKRZQLQ)LJ7KHOHDVW
VTXDUHVPHWKRGLVHPSOR\HGWRHOLPLQDWHWKLVHUURU>@
6LQFHWKHYDOXHVRIWKHLQLWLDOWZRVDPSOLQJSRLQWVDUHVHWWR
]HURUHFRQVWUXFWLRQRIWKHURXQGQHVVSURILOHZLOOUHVXOWLQDQ

)LJ5RXQGQHVVSURILOHVHSDUDWLRQRI0563PHWKRG

HFFHQWULFFLUFOH7KHUHIRUHDOLPDFRQLVUHPRYHGE\XVLQJWKH
OHDVWVTXDUHVPHWKRGLQ>@
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3. Simulations 
7KH IHDVLELOLW\ RI WKH SURSRVHG 0563 PHWKRG LV
FRQILUPHG E\ VLPXODWLRQV 7KH SDUDPHWHUV RI WKH VLPXODWLRQ
DUHJLYHQDVIROORZV
3UREHLQWHUYDO
1XPEHURIVDPSOHGGDWD1
5RXQGQHVVHUURUa835
5RXQGQHVVHUURUa835
0D[LPXPYDOXHRIURXQGQHVVHUURUXP
0D[LPXPYDOXHRIURXQGQHVVHUURUXP
 5RXQGQHVVHYDOXDWHZLWKRXWVKDUSIHDWXUH
5RXQGQHVVHUURUZLWKRXWVKDUSIHDWXUHVLVXVHGWRH[DPLQH
WKH0563PHWKRGDQG63PHWKRG/HDVWVTXDUHVPHWKRGLV
HPSOR\HGZLWKERWKPHWKRGV
%RWK PHWKRGV DUH XVHG WR H[SUHVV WKH URXQGQHVV SURILOH
ZLWKGLIIHUHQWURXQGQHVVHUURUa835DQGa835)URP
)LJ  LW LV VKRZQ WKDW ERWK PHWKRGV KDYH YHU\ VPDOO
HYDOXDWLQJHUURUFRPSDULQJWRWKHUHDOURXQGQHVVHUURU6LQFH
WKH SUREH LQWHUYDO LV  WKH QXPEHU RI GDWD SRLQWV LQ 63
PHWKRGLVMXVWDVVKRZQLQ)LJEDQG)LJEZKLFKLV
IDUIHZHUWKDQWKH0563PHWKRGWKHQXPEHURIGDWDSRLQWV
LV   DV VKRZQ LQ )LJ D DQG )LJ D 6R WKH053
PHWKRG FDQ H[SUHVV WKH URXQGQHVV SURILOH PRUH DFFXUDWHO\
WKDQ WKH 63PHWKRG VLQFH LW KDVPRUH GDWD SRLQWVZKLFK LV
PRUH DSSDUHQW DV WKH 835 RI URXQGQHVV HUURU LQFUHDVLQJ DV
VKRZQ LQ)LJ 6LQFH WKH0563PHWKRG LV QRW LQIOXHQFHG
E\ WKHSUREH LQWHUYDO WKH UHFRQVWUXFWLRQRI URXQGQHVVSURILOH
E\WKH0563PHWKRGFDQEHPRUHDFFXUDWHE\LQFUHDVLQJWKH
QXPEHURIVDPSOHGGDWD
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,Q WKLV VHFWLRQ ERWK PHWKRGV DUH XVHG WR H[SUHVV WKH
URXQGQHVVSURILOHZLWKVKDUS IHDWXUHVDQGGLIIHUHQW URXQGQHVV
HUURU a835 DQG a835 6LQFH WKH 63 PHWKRG KDV
IHZHU GDWD SRLQWV WKDQ WKH 0563 PHWKRG VKDUS IHDWXUH
FDQQRWEHH[SUHVVHGE\WKH63PHWKRGDVVKRZQLQ)LJE
DQG)LJ  E%\ FRQWUDVW WKH0563PHWKRG FDQ H[SUHVV
WKHVKDUSIHDWXUHVDFFXUDWHO\DVVKRZQLQ)LJDDQG)LJ
D 7KHUHFRQVWUXFWLRQ RI VKDUS IHDWXUHV E\ WKH 0563
PHWKRG FDQ EH PRUH DFFXUDWH E\ LQFUHDVLQJ WKH QXPEHU RI
VDPSOHGGDWD
4.  Conclusions 
7KHUHVXOWVRIWKLVSDSHUDUHVXPPDUL]HGDVIROORZV
 $ QHZ PHWKRG QDPHG WKH 0563 PHWKRG IRU RQ
PDFKLQHPHDVXUHPHQWRIURXQGQHVVSURILOHKDVEHHQSURSRVHG
5HFXUVLRQRIGLIIHUHQFHHTXDWLRQV LQ WKH WLPHGRPDLQ LVXVHG
WR GHWHUPLQH WKH UHODWLRQVKLSV RI GLIIHUHQW GDWD JURXSV 7KH
HVWDEOLVKLQJ FRQGLWLRQV RI WKH SURSRVHGPHWKRG DUH JLYHQ E\
WKHRUHWLFDODQDO\VLV
 7KH SURSRVHG 0563 PHWKRG ZKLFK DPSOLILHV WKH
DGYDQWDJHV RI WKH 63 PHWKRG FDQ H[SUHVV WKH URXQGQHVV
SUHFLVHO\ ZLWK RU ZLWKRXW VKDUS IHDWXUHV RQ WKH URXQGQHVV
SURILOH
7R HOLPLQDWH WKH LQIOXHQFHRI LQDFFXUDWH LQLWLDO YDOXHV
WKH OHDVWVTXDUHV PHWKRG KDV EHHQ HPSOR\HG WR UHPRYH WKH
HFFHQWULFFLUFOH
 7KH IHDVLELOLW\ RI WKH SURSRVHG 0563 PHWKRG IRU
URXQGQHVVPHDVXUHPHQWKDVEHHQFRQILUPHGE\VLPXODWLRQV
Acknowledgements 
7KLV UHVHDUFK LV VXSSRUWHG LQ SDUW E\ WKH 1DWLRQDO %DVLF
5HVHDUFK 3URJUDP RI &KLQD &% DQG 1DWLRQDO
1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD8
REFERENCES  
>@6KLQQR+0LWVXL.7DWVXH<HWDO$QHZPHWKRGIRUHYDOXDWLQJHUURU
PRWLRQ RI XOWUD SUHFLVLRQ VSLQGOH &,53 $QQDOV0DQXIDFWXULQJ
7HFKQRORJ\
>@2EL0.RED\DVKL7$QHZPHWKRGRI WKHGLVSODFHPHQWDORQJ D FLUFOH
EDVHGRQWKHVHTXHQWLDOWKUHHSRLQWPHWKRG--60(
>@0RRUH''HVLJQFRQVLGHUDWLRQVLQPXOWLSUREHURXQGQHVVPHDVXUHPHQW
-RXUQDORI3K\VLFV(6FLHQWLILF,QVWUXPHQWV
>@2]RQR62QDQHZPHWKRGRIURXQGQHVVPHDVXUHPHQWEDVHGRQWKHWKUHH
SRLQWVPHWKRG3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ3URGXFWLRQ
(QJLQHHULQJ7RN\R
>@.DWR+ 6RQH5<1RPXUD< ,QVLWXPHDVXULQJ V\VWHP RI FLUFXODULW\
XVLQJDQLQGXVWULDOURERWDQGDSLH]RDFWXDWRU,QWHUQDWLRQDO MRXUQDORIWKH
-DSDQVRFLHW\IRUSUHFLVLRQHQJLQHHULQJ
>@ *OHDVRQ ( 6FKZHQNH + $ VSLQGOHOHVV LQVWUXPHQW IRU WKH URXQGQHVV
PHDVXUHPHQWRISUHFLVLRQVSKHUHV3UHFLVLRQ(QJLQHHULQJ
>@ 2EL 0 .RED\DVKL 7 )XUXNDZD 6 2Q D QHZ PHWKRG RI URXQGQHVV
PHDVXUHPHQWEDVHGRQ WKH VHTXHQWLDO WKUHHSRLQWPHWKRG --60(

>@-\ZH:&KHQ&-$QHZ'HUURUVHSDUDWLRQWHFKQLTXHIRUSHUIRUPDQFH
WHVWVRI&1&PDFKLQHWRROV3UHFLVLRQHQJLQHHULQJ
>@0XUDOLNULVKQDQ%9HQNDWDFKDODP65DMD - HW DO$QRWHRQ WKH WKUHH
SRLQWPHWKRGIRUURXQGQHVVPHDVXUHPHQW3UHFLVLRQ(QJLQHHULQJ

>@*DR:.L\RQR61RPXUD7$QHZPXOWLSUREHPHWKRGRIURXQGQHVV
PHDVXUHPHQWV3UHFLVLRQ(QJLQHHULQJ
>@ &KHWZ\QG ' * 6LGGDOO * - ,PSURYLQJ WKH DFFXUDF\ RI URXQGQHVV
PHDVXUHPHQW-RXUQDORI3K\VLFV(6FLHQWLILF,QVWUXPHQWV
>@*DR:.L\RQR62QPDFKLQH URXQGQHVVPHDVXUHPHQW RI F\OLQGULFDO
ZRUNSLHFHVE\WKHFRPELQHGWKUHHSRLQWPHWKRG0HDVXUHPHQW

>@<LQ=/L 6+LJK DFFXUDF\ HUURU VHSDUDWLRQ WHFKQLTXH IRU RQPDFKLQH
PHDVXULQJVWUDLJKWQHVV3UHFLVLRQ(QJLQHHULQJ
>@ -HRQJ*%.LP'+ -DQJ'<5HDO WLPHPRQLWRULQJ DQG GLDJQRVLV
V\VWHP GHYHORSPHQW LQ WXUQLQJ WKURXJK PHDVXULQJ D URXQGQHVV HUURU
EDVHGRQWKUHHSRLQWPHWKRG,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROVDQG
0DQXIDFWXUH
>@<DQJ37DNDPXUD77DNDKDVKL6HWDO0XOWLSUREHVFDQQLQJV\VWHP
FRPSULVLQJ WKUHH ODVHU LQWHUIHURPHWHUV DQG RQH DXWRFROOLPDWRU IRU
PHDVXULQJ IODW EDU PLUURU SURILOH ZLWK QDQRPHWHU DFFXUDF\ 3UHFLVLRQ
(QJLQHHULQJ
>@ 0XUDOLNULVKQDQ % 5DMD - &RPSXWDWLRQDO VXUIDFH DQG URXQGQHVV
PHWURORJ\/RQGRQ6SULQJHU
>@+ZDQJ-3DUN&+*DR:HWDO$WKUHHSUREHV\VWHPIRUPHDVXULQJ
WKH SDUDOOHOLVP DQG VWUDLJKWQHVV RI D SDLU RI UDLOV IRU XOWUDSUHFLVLRQ
JXLGHZD\V,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROVDQG0DQXIDFWXUH

>@)XQJ(+$QHZPHWKRGIRUPHDVXULQJVWUDLJKWQHVVDQG\DZLQJPRWLRQ
HUURUVRIDOLQHDUVOLGH-RXUQDORIPDQXIDFWXULQJVFLHQFHDQGHQJLQHHULQJ

>@/L&-/L6<X-+LJKUHVROXWLRQHUURUVHSDUDWLRQWHFKQLTXHIRULQVLWX
VWUDLJKWQHVVPHDVXUHPHQWRIPDFKLQHWRROVDQGZRUNSLHFHV0HFKDWURQLFV

>@%DWDNR$'/*RK6<:RUNSLHFHURXQGQHVVSURILOHLQWKHIUHTXHQF\
GRPDLQ DQ DSSOLFDWLRQ LQ F\OLQGULFDO SOXQJH JULQGLQJ7KH ,QWHUQDWLRQDO
-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\

